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COMPRESSIVE STRENGTH OF FLAT PANELS

WITH Z- AljDHAT-SEC”TIONSTIFFENERS

By Joseph N. Kotanchik, Robert A. Welnberger,

George W. Zender, and John Neff, Jr.

SUMMARY

Compression tests were made of’247 panels with
Z-section stiffeners and 3@ panels with hat-section
stlf’f’eners.The specimens were constructed from arti-
ficially aged Alclad 2@ alumlnum alloy with minimum
guaranteed yield strengths of 6)+and 57 ksi for the
stiffener and sheet materials, respectively,

Results of the teats are presented in charts that
show the average stresses at the load for buckling of the
sheet and at the maximum load. These average stresses
have been adjusted to minimum guaranteed properties of
the materials.

INTRODUCTION

In ~rder to provide information on the compressive
strength of stiffened panels with proportions varying
over.an extensive range, 24.7 panels with Z-section
stiffeners and 304 panels with hat-section stiffeners were
tested. The specimens were furnished by the Consolidated
Vult6e Aircraft Corporation.

The height, thickness, and spacing of the stiffeners;
the thickness of the sheet; and the length of the speci-
mens were varied systematically to show the effects of
changes in these dimensions on the strength of the panels.

TEST SPECIMENS

Cross sections of the speclmena tested are shown In
figures 1 and 2. The four stiffeners were attached to
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the flat sheet at thr6e equal spacings. The width of
sheet ba for panels with Z-section stiffeners or the
width of sheet bz for panels with hat-seotlon stiffeners
(see figs. 1 and 2) 1s referred to as ‘tabay.”

The manufacturer furnished the following information
regarding the specimens:

The test speotmena were made of artificially
aged Alolad *S al~n~ alloy. The thickness of
cladding on eaoh aide of the sheet was 5 percent of’
the over-all thlekness. The grain In the material
of the stiffeners and the sheet was parallel to the
direction of the stiffeners.

The stiffeners were ~ormed to the desired
shape by passing Alclad 2@-O aluminum-alloy strip
through a series of rolls. The fozmed stiffeners
were heat-treated at 930° F from 30 to 45 minutes
and then quenched. They were stretched to

3+ * ~ Percent permanent set Inrnedfatelyafter
quenching and were aged at room temperature for at
least 96 hours. Alclad 2@T sheet In the as-
.received condition was riveted to the stiffeners
with 100° countersunk-head rivets. ~ as~embled
panel was artlflclallYaged at 355° F for 1 hours

%
and then cooled in air.

The cross-sectional area of each specimen was deter-
.

mined from the density of the material and the weight
and length of eaoh specimen, with proper allowance for
the weight of the rivet heads.

!Ehedimensions of the test specimens are designated
by the symbols shown in figures 1 and 2, and the nominal
dimensions are given In the charts that present the test
results. In the preparation of the test data actual
values of the dimensions, obtained by measurement of the
specimens, were used,

METHOD OF TESTING

The specimens were tested, as shown in figures 3
and l+, In the 1,200,000-pound-capacity testing machine
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In the NACA structures research laboratory. The load
Indi.oatedby this-te,st~~-,rnaohineIs within plus or
minus one-half of 1 percent of ti””true”loadi” The”” ““
loading head is laterally supported by the heavy side
columns of lihemachine so as not to affect the accuracy
of the load measurement.

3

The ends of each specimen”were ground flat, parallel
to each other, and square with ‘thelongitudinal axis of
the speolmen. The upper and lower guide bars shown in
figure 3 were used to allne the ends of the specimens In
order Mat they would remain flat and parallel In the
testing machine. These guide bars were backed away from
the specimen before the maximum load was reached.

Strains in the sheet and in the stiffeners were
measured by Tuckerman optical strain gages of l-inch and
2-inch gage lengths or by wire resistance-type strain
gages”of l-inch gage length. FWom 6 to 23 gages were
attached at approximately the mldlength of the specimen.
In addition, the shortening of each specimen was measured
by dial Indicators.

RESULTS

The average stress at maximum load was determined
for each panel. This stress was adjusted to apply to a
panel with equal numbers of stiffeners and bays and with
the mlninunuguaranteed properties of the stiffener and
plate materials. The procedures by which these adjust-
ments were performed are desoribed in the appendix.

IHgures 5 to 12, parts (a), show for each panel the
adjusted average stress at maximum load. For Panels of
the same cross section but of different lengths, curves
are drawn through the test points or through points
obtained by cross-plotting from parts (b) of figures 5
to 12. The strengths shown were obtained In flat-end
tests in which the average coefficient of end fixity
was 3.7jm (See appendix.) As the aircraft designer
Is more frequently.interested In the strength of sheet-
stlffener oomblnatlons considered as columns with end-”
flxity coeffiolents of o = 1 or c = 1.5, the actual
lengths of the test specimens have been reduced to equiva-
lent lengths corresponding to these two values of end-
fixity coefficient. The two absolssa scales on the charts
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therefore show the len@hs of sheet-stiffener combina-
tions with end-fixity coefficients of c = 1 and c = 1.5
and with strengths equal to those of the test specimens.

If the charts of figures 5 to 12 are used for values
of the end-fixity coefficient other than c = 1
or c = 1.5, the appmpriat~ value of c Is used to
compute L/@. With this value of. L/fi, the strength
of the panels can be determined from the charts.

,
The average stress in each panel when sheet buckling

occurred 1s plotted In figures 13 and 4. The lower
curve shows the theoretical buckling stresses for plates
with side edges simply supported, and the upper curve shows
the theoretical buckling stresses for plates with side
edges completely restrained asainst rotation. These
two curves aye drawn for a modulus of elasttclty

of 9.75 X 106 pal and do not Include a correction for a
lower effective modulus at the higher stresses.

~ figures 13 and 4, some of the test points lte
above the theoretical curve for buckllng of plates wtth
side edges completely restrained. The principal reasons
are believed to be: (1) the dimension ba, bl, or b2,
measured between center lines of rivet rows, was used In
the plate-buckling formula to determine the theoretical
curve, whereas the actual width of sheet that acts as a
plate Is somewhat less than ba, bl, or b2 because
some of the sheet is clamped between the rivet head and
the attachment flange of the stift’ener (2) the average
strain for the sheet at the buckling load may be lower
than the average strain for the panel. This condition of
nonuniform strain may occur In same panels because, in
flniahhg the ends of the panels, the grinding wheel
tends to undercut the sheet between st~ffeners, particu-
larly when the sheet is thin compared with the .materlal
In the stiffeners.

The average stress at which buckling of the sheet
occurred was determined by the method described in the
appendix. On some specimens, buckling stresses were not
obtained because strain gages could not conveniently be
attached to both sides of the sheet, because the sheet
buckled at loads so low that consistent sti-alnreadings
oould not be obtained, or because the sheet buckled near
or at the maximum load. Buckling stresses for specimens
of the same cross section but of different lengths were
averaged and this averaged stress is Indicated in
parts (a) of figures 5 to 12 by a short horizontal llne.
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These buokllng stresses”iu% lnoiuded for the use of the
.. ~~design engineer in .detemining...t@pprpent:agqof average

stress at maximum load that a given sheet-stiffener coh-
blnatlon will attain without appreciable buckling of ths
sheet,

I+gley Memorial Aeronautical Laboratory.
- National Advisory Committee for Aeronautics

Langley Field, Va. +

5I
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APPENDIX

PREPARATION OF DATA FOR PRESENTATION

The test data Included measurements of shortening of
the panel and of strain in the sheet and stiffeners for
each panel at a number of loads varying from an initial
load to a load near muxlmum.

The symbols used In the equations and figures for
preparation and presentation of the test results are
defined as

a

bs

bl~ b2

bw

c

d

P

ts

Ws, WI, W2

A

‘St

FYP

H‘YP St

follows:

distance from cenber line of outer row of
rivets to edge of sheet, In.

stiffener spac!ng, In.

distance between center lines of adjacent rivet
rows for hat-section stiffened panels, in.
(See figs. 1 and 2.)

stiffener depth, In.

end-fixlty c~efficlent in Eulsr column formula

rivet diameter, in.

rivet pitch, in.

thickness of sheet, in.

ef’fectlvewidth of skeet corresponding to ba,
bl, b2~ respectively, in.

total cross-sectional area of test spec!men,
sq in.

cross-sectional area of one stiffener, sq in.

weir>ted compressive yield strength for a panel
with equal numbers of stiffeners and bays, ksi

compressive yield strength for sheet material,
ksi

compressive yield strenEth for stiffener
material, ksi
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L
................ .

P

or

Uar

08

ust

specimen length, in.
,.

‘=hti load’””on” jiihel”,””’klps...-.....

adjusted average stress at maximum load for a
panel with an equal number of stiffeners and
baya, ksl

stress In the sheet near stiffener when sheet
bucklhg OCCUr8, ksi “

stress in the sheet adjaoent to stiffener at
maximum load, ksi

stress in stiffener at maximum load, ksi

The essential steps in preparing the test data for
presentation were as follows:

(1) The load on the speoimen was plotted against
the shortening per inch of sneclmen length, and the strain
at maximum load was obtained by extrapolation of the curve
drawn in this plot. The strain was converted to stress
in the stiffener U8t by use of the stress-strain curve
for the stiffener material.

(2) At maximm load, the longitudinal strain in the
sheet near the stiffeners was assumed to be the same as
the longitudinal strain in the stiffeners. This strain
was converted to stress In the sheet Oa from the
stress-strain curve for the sheet material,

(3) The average stress at maximum load in panels
with four Z- or hat-section stiffeners and three bays of
sheet was In most cases adjusted to the stress in a panel
with four stiffeners and four bays. For some panels with
hat-section stiffeners, however, adjustment to a panel
with three stiffeners and three bays was considered more
accurate.

For the Z-section stiffened panels, the effective
width of sheet acting with a stiffener at the maximum
load was obtained from the eq.uatlcan

p = 4Ast~st + 3wstsGs + 2atsos

!
. .
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For hat-stiffened pansls, It was necessary to deter-
mine the effective width of sheet between rivet llnes of
a stiffener as well as between adjacent stiffeners.
Because there were two values of effeotlve width of sheet
for panels with hat-section stiffeners, the direct comp-
utation method, as used for the Z-stiffened specimens,
could not be applied. A curve for %/% against Ucr/Us
was therefore constructed for the Z-stiffened panels.
This curve was used to detemnine the effectiw widths of
the sheet for the hat-stiffened panels at maximum load.

The foregoing procedure of applylng the curve for
Z-stiffened panels to hat-stiffened panels is considered
permissible because the ratio of effeotive width to
actual width as a function of the ratio of the critical
stress to the edge stress In the plate is only slightly
dependent on the restratnt supplied by the stiffener to
the sheet. This can be seen by plotting such curves from
the theoretical results of Levy and -pen for plates with
simply supported and with clamped edges (reference 1).

(.4) Adjustmont of the average stress at maximum
load for the test specimen to the average stress at
maximum load for a panel with equal numbers of stiffeners
and bays was performed by adjustment of the maximum load
and the total araa cf the snecimgns For the adjustment
to a Z-stiffened panel with four stiffeners ant!four bays,
the load was Increased by the amount (ws - 2a)tsas and
the area by (bs - 2a)t~. For hat-stiffened panels, a
similar @djustm.entwas made by i creasin

( t’
!

the load by
W2 - 2&)t@s and the area by b2 - 2a ts. The adjusted
average stresses are given by the,follow ng equations:
For Z-stiffened panels,

P + (ws - 2a)0sts
0’ =

2a]ts

. . . I
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For hat-stiffened panels,
—,4. ..— . . ------- pi+ (W2 - “2a)u~-t8

~1 ,=
A + fb2 - 2a)ta

For the hat-sttf’f’enedpanels In which the
at maximum load was adjusted to.that of a

,.

average stress
Panel with three

stiffeners and three b~ys, the load was de~reased by the
amount equal to that carried by one stiffener %t~st’
by the sheet between rivet rows of a stiffener wlasts,
and by the sheet beyond the outer rows of rivets 2atsos.
The oross-sectional area was decreased by the area of one
stiffener Ast and by the area.of sheet fbl + 2a)ts=
The adjusted average stress is given by

P-
[Astust + (w1 + Za)usts

u? =

A - ~st + fbl + 2ajt~ ]

(5) The adjusted average stresses of step (4) were
further adjusted to minimum guaranteed material properties
by the method described in reference 2. Because the
sheet and stiffener materials possessed different proper-
ties, it was necessary to determine a weighted yield
strength for a panel. The weighted compression yield
strength used for the panels of this investigation 1s
given by

%t(%)~t r)
+ bsts ~

FW = s

Ast + bsts

The weighted minimum guaranteed compression
for a panel was obtained from the preceding

yield strength
equation when

the mlnlmum guaranteed yield stren&ths of 64 fid 57 ksl
were substituted for

()‘YT St ‘d (%)<
respectively.

These mlnlmum guaranteed yield strengths were supplied by
the Consolidated Vultee Airqraft Corporation.

The average stress at maximum load that is obtained
from steps (4.)and (5) Is the average stress, adjusted to
minimum guaranteed material properties, for a panel with
equal numbers of stiffeners and bays.

,-,, . . .—..
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(6) The ooeffIcient of end ftxity for the specimens
was determined by tests of the eight longest and narrowest
spechens. The longest and narrowest specimens for the
column tests were seleoted in order to minimize the effects
of sheet buckling and deviation from the Ner curve. The
average of the ftxlty coefficients for the eight panel
columns was found to be 3.75, and this value was assumed
to apply to all panels.

The lengths of the test panels were reduced to equiva-
lent pin-ended column lengths by multiplying by ~~.
For these values of pin-ended column lengths, the adjusted
average stresses at maximum load were plotted by using
the upper abscissa scales in figures 5 to 12, parts (a).
The lower abscissa scales, for o = 1.5, were obtained by

&-

multlpl ng values of length on the upper abscissa scales
by 1.5/l.

(7) The dashed curms in figures 5 to 12, parts (a),
were obtained from cross plots of the data as presented
in parts (b). The test

7)
olnts In parts (b) are the same

test points as in parts a but are plotted to show the
strength of the panels for different values of the sheet
thickness. For each stiffener section, the average of

the values of 08t for each value of “L/@ was obtained
for the specimens with the smallest value of sheet thick-
ness. These values of stress were plotted in parts (b)
at zero sheet thickness for the given stiffener sections.
These values are not shown as test points and were used
only as a guide in fairin~ the curves for the test points.

(8) The critical stresses for the sheet were deter-
mined from the measured strains In the centers of the
bays. For the panels on which strain measurements could
be obtained on both sides of the sheet in a bay, the
average strain at the middle of the bay was plotted
against the average strain at the edge of the bay. The
edge strain at which this curve deviated from a straight
llne was taken as the critical strain. The load on the
panel at the critical strain was then obtained from a
curm of load,against strain in th6 stiffeners. For some
hat-stiffened panels, the indication of critical strain
was obtained from strain measurements on only one side
of the sheet. For these panels, the load at which the
strain on the crest of a buckle reached its maximum
compressive value was selected as the critical load. The
average stresses In the panels at the loads corresponding
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to the orltlcal strains are indicated in figures 5 to 12,..-,...........parts “(a),by short.”horizontallines. Th9s.e.stresses.
are also plotted in figures 13 and 4 against the ratio
of the width of sheet between adjaoent rivet rows to the
thiokness of the sheet.

For the panels In which the average stress when
sheet buokling oocurred was greater than the proportional
limit of the sheet material, the adjwtments of the
buokling stresses to minimum guaranteed yield strengths
and to a panel with four stiffeners and four ba~ were
made acmo~dlng to the method
In making these adjustments,
sheet buokling occurred were

given in steps (4)-and (5).
the values of stress when
used in place of the values

or

1.

2.

“ stress at fiaxlmumload.
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Figure 3.- Specimen with Z-section stiffeners under test.
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Fig. 4

Figure 4.- Specimen with hat-section stiffeners under test.
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Fig. 13 NACA ARR No. L4F.01
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